The four-stranded i-motif (iM) conformation of cytosine-rich DNA has importance to a wide variety of biochemical systems that range from their use in nanomaterials to potential roles in oncogene regulation. The iM structure is formed at slightly acidic pH, where hemi-protonation of cytosine results in a stable C-Cþ base pair. Fundamental studies to understand iM formation from C-rich strands of DNA are described. We present a systematic characterization of the consequences of epigenetic modifications, molecular crowding, degree of hydration, and DNA sequence on the stabilities of iM-forming sequences. We used a number of biophysical techniques to characterize both the folded iM and the folding kinetics of an iM. We established a mechanism for the folding. We observed that the C-Cþ hydrogen bonding of certain bases initiates the folding of the iM structure. We also observed that substitutions in the loop regions of iMs give a distinctly different kinetic signature during folding as compared to those bases that are intercalated. Our data reveal that the iM passes through a distinct intermediate form between the unfolded and folded form. In the course of determining this folding pathway, we established that the fluorescent dC analogs tC and PdC can be used to monitor individual residues of an iM structure and can be used to determine the pKa of an iM. Our results indicate that 5-hydroxymethylation of cytosine destabilized the iMs against thermal and pH-dependent melting, while 5-methylcytosine modification stabilized the iMs. Under molecular crowding conditions, the thermal stability of iMs increased and the pKa was raised to near 7.0. Taken together, our work has laid the foundation for examining folding and structural changes in more complex iMs.
Protein-Nucleic Acids II 1995-Pos Board B132 Activation of PKR by Stem-Loop Rnas with Flanking ssRNA Tails Christopher Mayo, Prisma Lopez, James Cole. University of Connecticut, Storrs, CT, USA. Protein Kinase R (PKR) is a central component of the innate immunity antiviral pathway and is activated by double stranded RNA (dsRNA). PKR contains a Cterminal kinase domain and two tandem dsRNA binding motifs. In the accepted model for activation, binding of multiple PKR monomers to dsRNA enhances dimerization of the kinase domain. A minimum dsRNA length of 30 bp is required for binding two PKR monomers and eliciting strong enzymatic activation. However, short (15 bp) stem-loop RNAs containing flanking single stranded tails (ss-dsRNAs) are capable of activating PKR. Activation requires a 5 0 -triphosphate, the presence of both 5' and 3' ssRNA tails, and a tetraloop capping the duplex stem yet how these moieties modulate protein binding and enzymatic activity remains unknown. We have incorporated a photoactivatable unnatural amino acid into PKR's dsRNA binding domain and used a novel crosslinking protocol to gain insight into how these structural features orient binding of PKR to the ss-dsRNA. Cohesin is a multi-protein complex involved in sister chromatid cohesion during cell replication and double strand DNA break repair. Cohesin core complex consists of a ring-like trimer and either SA1 or SA2 in somatic vertebrate cells. While SA1 and SA2 share~70% homology, only SA1 contains a critical AT hook domain responsible for its binding to telomere sequences. Cohesin-SA1 holds sister chromatids together at telomere regions during cell separation and can be found at specific promoter regions, while Cohesin-SA2 is predominantly located at intergenic and centromere regions. The mechanism by which Cohesin locates specific DNA sequences is currently unknown. To understand the role that SA1 or SA2 has in Cohesin/DNA interactions, we used the singlemolecule techniques atomic force microscopy (AFM) and fluorescence imaging of quantum dot labeled proteins on DNA tightropes. Preliminary data indicates that SA1 carries out 1-D diffusion on DNA, binds with high affinity to telomeric sequences, and pauses on telomeric and promoter regions. In contrast, SA2 exhibits static and dynamic populations without pausing for telomere, centromere, and promoter DNA sequences. We propose that 1-D sliding and sequence dependent pausing by SA1 provides binding specificity and stability during the cohesion process at telomeres, while.SA2 alone, lacking the AT hook domain, uses different DNA binding mechanisms. Transcription factors (TF) change shape to search and recognize DNA, shifting the energy landscape from a weak binding mode to a tight binding mode. But the mechanism of TF conformational change, which deforms DNA during recognition, remains unresolved. Superhelical TFs have a modular helical topology that track along the DNA helical groove. Thus, TF and DNA helical pitch match. Our goal is to develop a mechanism of TF-DNA search and recognition using a superhelical TF as a model. Human MTERF1 is a superhelical TF that terminates transcription by unwinding mitochondrial DNA. The structure of apoMTERF1 is likely flexible: few packing interactions between modules and we are unable to crystallize it. We hypothesize that apoMTERF1 can have low strain conformations with low helical pitch that can track a B-DNA major groove. To characterize apoMTERF1, we used a coarse grained simulation to model intrinsic motions and atomistic MD to obtain a diverse structural ensemble. The coarse grained simulation showed the largest mode of apoM-TERF1 is a pitching motion. The MD showed apoMTERF1 is flexible, and unstrained in a conformation with low pitch that matches B-DNA. To show that low pitch apoMTERF1 structures were stable in search mode, we docked these structures to B-DNA and equilibrated the complexes using atomistic MD. The search mode complexes were stable: decreasing in energy and increasing in structural complementarity. Surprisingly, the helical motion from the coarse grained and atomistic simulations was also present in the search mode. The helical motion permits the individual motifs to shift along the sequence in a stepping translocation process and might also be involved in unwinding DNA during recognition. We are currently modeling the transition to recognition mode to test if the mechanism can be explained by MTERF1 natural helical motions. Ruthenium complexes are small synthetic molecules with a wide range of possible uses, including cancer therapy and sensitive fluorescent markers for duplex DNA binding. The ruthenium complex [m-C4(cpdppz)2(phen)4Ru2] 4þ has been engineered to have a high affinity for DNA and a low dissociation rate. The complex consists of two Ru(phen)2dppz2þ moieties connected by a flexible linker. However, the mechanism by which these molecules interact with DNA is not well understood. To quantify these interactions, doublestranded DNA is stretched with optical tweezers, and exposed to the ligand under a fixed applied force. When binding to DNA, the two Ru(phen)2dppz 2þ moieties intercalate between base pairs via a threading. We find that the ligand association can only be described by a two-exponential process, indicating multi-step binding. By measuring the concentration dependence of the fast and slow binding modes at several forces and fitting this dependence to a three state kinetic model, we show that the fast mode is bimolecular intercalation of the first dppz moiety, in pre-equilibrium to the~10-fold slower intercalation of the second dppz moiety of the same flex-Ru2 molecule. We characterize forcedependence of each rate and DNA elongations associated with each transition state. We estimate the zero-force binding kinetics and equilibrium binding constants for each of the two intercalations steps and of the complete binding process by extrapolating our measured force dependence of these parameters to the force-free state. We conclude that at zero force the [m-C4(cpdppz)2(phen) 4Ru2]4þ binding involves fast (~20 s) association, slow (~600 s) dissociation, and very tight (Kd~10 nM) binding. The methodology developed in this work will be useful for studying other slowly intercalating ligands and proteins. There is significant interest in ruthenium dimer complexes due to their novel DNA binding properties. The binuclear ruthenium complex DD-[mbidppz(bipy) 4 Ru 2 ] 4þ that we investigate in this study binds to DNA by threading intercalation, in which one of the bulky ruthenium moieties threads through the DNA base pair stack to reach its bound state. The extremely slow dissociation from DNA of this threading intercalator gives it properties needed for chemotherapy drugs, while also making it difficult to study in traditional bulk experiments. In this study we use optical tweezers in order to quantify the threading kinetics as well as the equilibrium behavior of this ruthenium dimer complex to understand how changing the ancillary ligands coordinated to ruthenium (threading moiety) affects the process of threading. To observe the slow threading process, the DNA was held at a constant force in the presence of the ligand and the DNA extension was measured as a function of time until the extension reached equilibrium. When the concentration of the ligand is increased during these constant force measurements, the total extension of the DNA will also increase until it becomes saturated at some concentration as all of the ligand binding sites are filled. These measurements of the equilibrium DNA extension allow for a full quantitative description of the binding kinetics and equilibrium behavior of the complex. The preliminary data suggests that the DD-[m-bidppz(bipy) 4 Ru 2 ] 4þ complex with its bicyclic bipyridine ligand, shows significantly faster kinetics compared to the DD-[m-bidppz(phen) 4 Ru 2 ] 4þ , complex with a tricyclic phenanthroline ligand counterpart. Replication protein A (RPA) is involved in virtually all aspects of eukaryotic DNA processing, including replication, recombination and repair. The strong binding of RPA to single-stranded DNA (ssDNA), which provides protection from nucleolytic cleavage, is well established. Binding to partially doublestranded DNA (dsDNA) and disruption of DNA intermediates possessing sec-ondary structures was reported previously, however the underlying mechanism remains unclear. Utilizing single-molecule magnetic tweezers, we now show that both human and yeast RPA can open a DNA hairpin subjected to force. For this welldefined substrate geometry which closely mimics a replication fork, we measured the force-dependent RPA association and dissociation, whilst resolving individual binding events. To explain the observed helix opening activity, we propose a passive model: Transient openings of the DNA helix, enhanced by stronger forces, become trapped by RPA binding. When the force is reduced, dissociation is driven by helix rehybridization. This leads to an exponential dependence of the association and dissociation rates on the applied force, in agreement with our data. By extrapolating our measured rates, we conjecture that RPA does not disrupt dsDNA on its own in the absence of force, but rather seems to rely on the active unwinding of a helicase. RPA could then strongly bind and protect ssDNA produced in its wake, providing a scaffold for the recruitment of further DNA processing enzymes. While the fork is held open, changes to the force exerted by downstream enzymes may regulate the degree of RPA binding on the ssDNA. Upon completion of the DNA processing step the fork would become unblocked. Rapid helix rehybridization then expels RPA from the ssDNA with dissociation rates on the order of hundreds of base-pairs per second, such that the completely processed dsDNA is returned to its native RPA-unbound state. Retroviral nucleocapsid (NC) proteins are nucleic acid chaperones that play a key role in the viral life cycle. During reverse transcription, HIV-1 NC destabilizes nucleic acids, including the transactivation response (TAR) hairpin to facilitate their structural re-arrangement into the lowest free energy conformations. By combining single molecule optical tweezers measurements with mfold-based free energy calculations of the unfolding landscape, we determine the equilibrium TAR stability and characterize the unfolding transition state in both the presence and absence of NC. Our results show that protein binding occurs specifically at guanines that border structural defects in the upper part of TAR hairpin. This results in preferential destabilization by NC of this part of TAR, thereby shifting the transition state closer to the bottom of the TAR stem, leading to a shorter critical unfolding length. Thus, NC facilitates TAR RNA annealing to its complementary DNA hairpin while having little effect on the stability of the final annealed duplexes. These results provide the first direct measurement of alterations in an RNA folding landscape that are induced by protein-RNA interactions, and are a novel case study of the effect of a protein that specifically destabilizes particular elements of the nucleic acid secondary structure.
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Factors that Influence PKR Dimerization and Activation Bushra Husain, Michael Bruno, Matthew Angeliadis, James Cole. Molecular and Cell Biology, University of Connecticut, Storrs, CT, USA. Protein kinase R (PKR) is a key component of the interferon-induced innate immunity pathway. It is expressed in a latent, inactive form and is activated upon binding dsRNA and subsequent autophosphorylation. PKR contains a C-terminal kinase domain and two tandem dsRNA binding motifs (dsRBMs) at the N-terminus. These regions are separated by a 90-residue, unstructured linker. Dimerization is believed to play a critical role in the mechanism of PKR activation by dsRNA. Activation requires dsRNAs long enough to accommodate two PKR monomers. However, there is no direct evidence for dimerization of PKR on dsRNA lattices. Under certain conditions, shorter RNAs bind multiple PKRs but fail to activate, suggesting that additional factors are involved. It is believed that binding of the second dsRBM is required for PKR activation. We have characterized the role of the second dsRBM by introducing mutations that block its interaction with dsRNA. The distance dependence of PKR dimerization and activation were probed using synthetic RNAs that function as molecular rulers. These molecules consist of two 15 bp duplex regions separated by variable length regions of 2 0 -O-methyl modified dsRNA that act as rigid and inert barriers. The effect of linker length was investigated using a PKR homolog containing a short, 25-residue linker. We developed a fluorescence assay to 398a Tuesday, February 10, 2014
